2 1 2 2 1 3 and without DENV infections in the city of Machala, Ecuador. We found that risk factors for 1 4 DENV infection included proximity to abandoned properties, interruptions in the piped water 1 5 supply, and a highly shaded patio. Protective factors included the use of mosquito bed nets, 1 6 fumigation inside the home, and piped water inside the home. These findings can be used to 1 7 inform targeted vector control interventions by the public health sector at the household and 1 8 community levels.
are a growing public health concern. Mosquito control is the principal means of preventing and communities at the beginning of the rainy season, and household visits by inspectors to treat 1 1 water-bearing containers with an organophosphate larvicide (abate/temefos). Community 1 2 cleanups occur before the rainy season to remove rubbish from household patios. Educational 1 3
interventions for dengue prevention include television and radio campaigns, fliers, outreach to 1 4 patients in MOH clinics, and community education meetings.
5
To improve the effectiveness of vector control and disease prevention interventions, 1 6 public health practitioners require knowledge of local risk factors for dengue transmission. Early 1 7
formative qualitative studies postulated that DENV infections were the result of underlying 1 8 social structural inequities in urban areas, and they documented widespread misconceptions 1 9
about dengue transmission and illness [22] [23] [24] . Similarly, in Ecuador, community members 2 0 described dengue risk as the result of complex interactions among biophysical, political-2 1 institutional and community-household factors, such as climate conditions, low risk perception, 2 2 economic barriers to prevention, lack of social cohesion, a lack of access to municipal services 6 (e.g., piped water, sewerage, garbage collection), and failed coordination between municipal and 1 public health authorities [25] . These and other studies indicated the need to frame dengue 2 prevention in the context of broader social development goals through participatory multisectoral 3 processes. Such efforts have proven to be complex (27) using the proc logistic command with backward selection. In the first step, all potential main 1 4 effects were included in the analysis. In the second step, two-way interactions between all of the 1 5 variables identified in the first step were added to the analysis. household members (range 0-100%).
4
We compared the social-ecological characteristics and reported barriers to dengue 1 5 prevention in households with versus without DENV infections (Table 1 ). In bivariate analyses, 1 6 the presence of DENV infections was positively associated with heads of households who were 1 7 male, employed, and of younger age than households without dengue (p<0.05). Households with 1 8
DENV infections were more likely to have a patio with more than 50% shade or to have adjacent 1 9
abandoned property, and were less likely to have piped water inside of the house or have their 2 0 trash picked up daily (p<0.05).
1
We also compared KAPs in households with versus without DENV infections ( Table 2 ).
2
The households with versus without DENV infections did not differ on any of the five knowledge and attitude questions, or on reported barriers to dengue prevention activities. We 1 asked survey respondents about whether they engaged in twelve different preventive activities.
The most commonly-reported dengue prevention activities were eliminating standing water 3 (37.9%), covering water containers (37.9%), fumigating inside the house (37.9%), cleaning the 4 garbage (37.0%), applying chemicals to standing water (i.e., larvicides) (25.6%) and using 5 mosquito bed nets (20.6%). Households with DENV infections were more likely to report that 6 they applied chemicals to standing water, and were less likely to report the use of indoor 7 fumigation ( Table 2 ). The other prevention activities did not differ between households with 8 versus without DENV infections.
9
All social-ecological factors and KAPs were used in a logistic regression analysis to 1 0 identify a multivariate model to predict the presence of an acute or recent DENV infection in the 1 1 household ( 
7
We then added all two-way interactions of these variables to the model, and eliminated 1 8 non-significant factors and in a backward selection process. In Model 2, the presence of a patio 1 9
with more than 50% shade was highly predictive of DENV infections in the household, with an 7
In this study, we found that specific social-ecological factors and preventive actions were 8 associated with effective dengue control in an region with a high burden of disease, providing 9 important information to guide public health interventions. The strongest predictor of DENV 
2
Stewart, pers. comm.). Resistance is a major public health concern, since insecticides are one of 1 3 the primary means of controlling Ae. aegypti transmitted diseases [56] . Studies are ongoing to 1 4 document the prevalence of resistance to specific groups of insecticides, to inform vector control 1 5
interventions.
6
In this study, 20.6% of households reported the use of mosquito bed nets, and use of nets 
9
However, during the recent epidemic of Zika fever, the MOH targeted the distribution of bed 1 0 nets in coastal Ecuador to pregnant women. Further research is needed to elucidate the 1 1 association between mosquito bed nets and DENV protection observed in this study.
2
There were two additional social-ecological factors that were significant in bivariate 1 3
analyses but not multivariate model: daily trash pick-up, and application of chemicals to standing 1 4
water. Applying chemicals to standing water positively correlated with having DENV infections 1 5
in the household, probably because those who responded "yes" had standing water to begin with.
6
In our experience, chemical application refers to the use of granular organophosphate larvicides 1 7
(temefos/abate) provided by the MOH and the use of bleach by households to purify the water.
8
Daily trash pick-up appears to be protective against DENV infections in the household, and 1 9 could be considered by communities as part of dengue prevention programs, even though it was 2 0 not included in the multivariate model.
1
In contrast to previous studies in Ecuador, we found that piped water in the house was 2 2 protective against dengue. Prior entomological field studies and neighborhood-level geospatial analyses of MOH dengue cases in Machala found that access to piped water and poor housing 1 conditions interacted to increase dengue risk [41, 42] . When these studies were conducted in 2 2010-2011, we observed that households that had recently received piped water continued to 3 store water due to poor quality of access and established water storage behaviors. A number of 4 factors could contribute to different findings in the current study. First, the prior studies utilized 5 MOH dengue cases and vector indices as a proxy for DENV risk, which may have introduced 6 biases. Second, it is possible that the quality of piped water (e.g., frequency of interruptions, 7 sediment in the water) improved from 2010 to 2015 due to the major urban renovation projects 8 that occurred during that time. Qualitative improvements in piped water access would reduce the 9 need to store water, thus increasing the protective role of piped water. Third, community 1 0 members may have changed their water storage behaviors in response to MOH education or 1 1 other factors.
2
We also found that DENV infections in the household were associated with younger, 1 3 male heads of households who were employed outside of the home (in the bivariate analyses).
4
This is in contrast to prior geospatial analyses of MOH dengue cases, which found that 1 5 neighborhoods with a higher proportion of older, female heads of household were at greater risk 1 6
[42]. The active surveillance methods in the current study allowed us to more accurately 
2
The main strength of this study is that through a combined passive and active surveillance 3 study design, we focused on laboratory-confirmed acute and recent DENV infections as the 4 primary endpoint. Many prior KAP studies focused on the use of preventive activities, MOH 5 case reports, or vector densities as proxies for dengue risk. We were thus able to include capture 6 and classify asymptomatic infections, as well as symptomatic infections that were not reported to 7 the MOH due to demographic differences in healthcare seeking behavior, factors which may 8 have introduced bias into other studies. In addition, we made use of direct observation in order 9 to capture characteristics of the houses, which eliminates possible errors introduced by self-1 0 report. We were also able to triangulate findings from this study to findings from prior 1 1 qualitative and quantitative studies of dengue risk factors from the same city, allowing us to 1 2 highlight differences and similarities across the studies.
3
The main limitation to this study is that we have no way of knowing where the 1 4
individuals were infected with DENV. In addition to the home, individuals could also have been 1 5
exposed at other locations such as school or work, and we do not account for risk factors at these 1 6
locations. In the bivariate analyses, employment by the head of the household was a risk factor 1 7
for DENV infections in the household, suggesting that exposure at work may be an important 1 8 factor. A second limitation is that most of the DENV-positive households in this study were 
2
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